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HQ n a £ & 01 e *ISe a ^EI?)10IM 7113* USSl^ iMftJ 

g Q uki^i ~3fflE~ia aras%a jfi • a az m Suao. oimdki. aofgft »fl 



m siAia 4 s 2iQ. oioi coa, ixra g^OI 7H23P-. 

SfMM 

E 1a= S SS2J «|1 gAIDIIOII UiB &S.T&±7m ETSEOILr. 
E 1b£ B ^23 J3I2 gAIOflOil IB-B SJESIIiftSJ BSEOIC*. 
E 1c£ B 103 flAIOHOI CDB &Eai4:»°) &SEOIQ. 

E 2£ B SS2J 3914 gAIOIKH! COB S!Ea±*IS| B9EOIQ. 

E 3a LHAI E 3dS IT^OIh USi^m SS35f2S Argefe E^ ?ilAIQ£h £E|S irSPfrg S3 ill 

A^tfe Si aHA|E|2| C-V 1B10IQ. 
E 4a LHA1 E 4d^ 7110IM BlSSgOfl WE 15^3 MS!±5£i@±M «S*PI «tt HEHiiSOia. 
E 5= ^ElSd+sPi" 3 i^lr^ A10|°l S5SSE SSTftfi CH£Sr= HEHiOIQ. 

e 6s ga a Ai-tpsj- g ir^aig jjejt^ ^maieisoii chskb jhoim hi-oich^ihi m-B asi- 

e 7g ^eis i+shsr a zroyAi.-a.si sis gaiiera} ohei it^oih tm^ a ^Eie i+asjon am 
c-v m^mm aoi^= heh^oilk 

2-3 u ^ 

B SSS &E36fli732| S 780)1 S!^ 2t££. ^sl SSM^ a 3 HSSreiOl 5ftt 201 Q. 

gsjtisoii sioiAi, ±xm 3j\= hs^e a ng'sm mztw ^isioi gg ^oran so. 
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si, no\m ssatej-s ittii isstiCr. oi=, tiiois ssaisfsi ^m?\ ^±v^m ai mshxi 

±HHJ ?§3f?7r §7ho|-7l mSOIQ. TO3M1, £X|2| Ssi f/g-A|?|7| SloKfl ^ES ifg S?3 OH-I 
£1- iiaSOl 2A3 1*101 5js jflOlM SSSISig §Sor= SOI gg Sa§HX|3 SICK 

sej- gi»tR- a, gas an-sioi tiioim ssjus^s afssoi sck oi=, §3 fe'£i= <y& 
erai *M*si ass 7\mw mm 3ggoi3 gasias xn^sgoi 3-sspi uhsoick 

3 BILK £EI5 ttfifSIS 3.9 §E°1 SB4te» fiEIS dSfe|-2S OI^OIS 711 01 M SS 

sisjsi =mim si/j?i= oichi= sigss- ohjek §si sf= gsis #»ei£s 01^012 71101 
m ^si^g mm tuoim vgssw 7I3sks uss i+msi =]wg s-:£ai?i= as qsi 

OlgCK Oltffl CDEK tfEIS M^SD ^W^U 4XI2J Ssi 7HSAISI 4= 21= CHSfl gSHStCI A? 
Ejn SICK OiatJ- [Hill S2il|5te| g^H §7£K£^ =i(E0T; equivalent oxide thickness)SA| 171 

eitiu e=i 4 sick 

oi=, iMR§ mm ssai^ss Ahgs r = i?(w. i+asn iei^sj ^npi- ^es 

?WSQ SSflgXIErE g£l=. ttSrShg 7II0IS 3.3*1^23 ArgSr= ±XKHI UlSKfl 13 gfeOI 

mo\m\ spi uhsoick h*?l wis kbim 5931 tissra, tiiois s^g nEiyti= sei- 
4<2f o)°ei s^iais 4= 24D. oiEitj- ^izt oisesi g7i= »iois *Rg hqusk- e3 

01 DHSIHI, S?26h£g £►= S^irllggOl 7H0IS SaHSr 5E= 5HIKAIE1 S3flB|0| LHt> CHS 
S2M1SS Siejgoi ^q. =^Aht|#S| £E| = Ac^moj og^^on m^o) ^jy oig ^ 

21EE5 61 El 5 OflBtai- Slitl glttmH 5J»g 7 r XI3A1 g£| = 6f«SlfiQ g£l*1ES □ ^m^ 

=^+seroi e.s*ii±Xr°j tiioim saasf ?maiei sa»Bt±s Mmm 4= sick 

naLK asssfS! ^* ^Ei=7is2i- a-s §^ ^ism ai^w di oiei^i-aisi sasss a 
°jq. wig *jei=^ nss s^i!^s2i a?ii bts*ctu nsa g^ass §*f 

^Alsfe SITU tffiEiQK [Q-EIAI, EI53I5 S! AfOIOil 4'E|= dHh^ ^ 

33|SK)I ^SSCK 12h5?°S, ^7Ki^ S^ftlCH iAh°J SsOl 75lo H!Q • 

XCK7K fiEIS7IS S S^iit|-5{' a|0|2) aE1ffl|0|^ MIS l£(interface trap density)7|- §J[ 

SCK t&EW. S»Wcarrier)»2| XHS 0I§E7^ Sil!Q. S± M»IXI>:E1°J S 

s uiaoi aiaoi 2^ sshai^si hsi «si-AiaciK 

tt*K *KUS ^f^(HfO-) E= XI S3 LIS AtS|SKZrO ; )2| ITS S^dSr^ ^pog 

ggtl S£g gSi^S M°]*]- 4f£Hg aSICK [DEW, g^d+5|^s ^2i/Eai°J 3^ SOU ?S 
M^lMl &«tl-AI?PI $|^ OiyH SSS ^AlSfe 1SIH 4= SO. ttr 

EI-AK g^ils^ LHWI 3^71- Hi 4= 21= SSSTI^r 01 (HI dtm. S^tm^i 5S7|^ 

7171 SffEIOI irgSH TtlShAiaO. Ql?7|, H°2 g^i!2r^2| SSa= 71*! 531 ?> 

= SI ?l ^OflAi SJ y UHAKHI 7IHJSI-01 **i»2| §1 S§0|| SSffl g*= Stfg BI5JCK 

^7|fi S3EHSSS 5BlSr7| *|S|0| 01BI7W2I AlEgOl *S§H55| StQ. Oflg gS, OR^&I 7316,020,02 
4s= ^EIS7I5 S IlSaaej- AIOIWI ^El= ^AILIOISEI-OIEai-Csilicon oxynitride layer; SI0N)g 
7HXBAI?| = 7l#g 7HAISKE, DR*§I 1116,013,5532= 71101 M SSaiej-SS SKSJS ^AIUOIMEIOIE 
5f E^ Xisaug ^AILhOIMEIOIESJg A^Sfe 71 7HAItiD. 0|(HI QSICfl, K| • A| • EI(PCT) ^ 
H^WSa §7035; W0 00/010082= ^E|= dth^, ^El= I'tf^ S ££|= ^A|l_|OISE|-OIE 37||e}- 
g 7HAISJCK E*K DRIsI S||6;020,2432:= 3S2gg ?^= AISSLIS ^E|= ^AILKDISE|OIEe| 
E= orEUS ^El= ^AILWIMEhOIESfg ?HAItia. 

3E1LK OlEiti Sffigg g-7ltJ- gHlggg SBlSfeLII SICHA1 SS5)0|X| SSO. Cfflg S3, USEM 
2f S ^E|=7I=- AI-01 E= nSSfl|e| S gEI^EI= 7II0IS *R AKDIOII 7HX«a= ^El= SiP4 E= 
SEI- ^AlUOIMEI-OIESJ-s ^° ?)|34fH !E(interf ace state density)^ tHffl Soh°l SiSSg S 
S-AI2!Lr. CU-BIA1, OI£1?i g-gSS tm OlSEg SiA|?|OI iA>£1 Sfeg SS r A|g!CK Q^7I, ^El 
= StR- E= flEI= ^AILIOIMEI-OIE^g fJSSh7| ^|5»A1= S"[HgSS SSgOl fi^SLK 

SaSr7fl=, £EI= l5r^£j °S^7I 6!E|= SS#42J 2f 1 . 5UH Oil XILIAI #7h 

tffflHr ^Ulg SXiSI g^iA|7|7|7^ 01^3, 3 (HI CDE> iXr2| Ssi 7Hi!A|7l= Di g S2rS 2i 4= 

acK 

ctjEhAi, igti- §>= 7Hda ssaisroi as si a^£i3, seiiioi^ 7hs= mm 

SSS05S2J S7hiH|S{- ^llg S±A|g£SAN iX|£| S^g 7H<5A|?|7| SSJIietg SSSI= SB 
01 a?BD, 

ssoi oimjm sk=- ji&s jsjs 

S IfSOl 01^3X1 51= 7|g5{ ISSrSEl ^3 gfSfi 3E1HI0I± «SS gM gE|5j 

3 ^WltHI UloKM «jX|o| if^ g7li+2|-et $I» &= 3SS3s||St ^ifllg XHSofe 01 21Q. 

S BTSdl 01^3X1 Sf= CIS 71 #51 2ffll= feS ggSfgEg ?>3 gfS?i 39101^ s^s §s g 
El £13 ^IJIKHI d|S>01 =X|SI §TS S7r£!£rSf ^JBIg Sr= 3^3x11^ ^5iH°J fJS&Bg HI5S r = 01 
SiCh. 

SfSSf w *tg 

^71 7ISg 21X11 gg ^SSh7l 9ISIOI B &-g£ ^EliX}°| Qe ^2x11^ ^ZEM S! 3 ^«SSg 
»S?JCK 01 CIS SSJIIS* ^5111= ^EI31I0IM 7fl3#(si I icate interface layer) S ^71 ^EI?1I0IM 
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TflSS 42) 5tj*ia. 

B °| HHT2!*h £A|0(ICHI igg, 471 USSfll^ 471 £EI?)10IM HS*£D £S S244M 

UIEra*PI& #71 ^emiOIS TflSgs =^ ^£|?J|0IM sIi(M t .,Si > 0.)S *sttQ. 01 71 A), 471 
(M)S^EUg(Hf), TqsaLIS(Zr), BM(Ta). DOIPMTi) E= ^DIh(AI)1 4= SID. 

uufsiswis, 47i usatii^s s^tm^m stitiD. 471 g^aasts ^hus i*g-°KHfo ; ). xi 

SHLIg £!f*2KZrCfe), ^S^U^tt). INfOIh ^5^AL-0t). DOIDs £!s^(Ti(fc). OlMEIg 

i+aeKV.-O.). BSTSf, PZT5J- E£ 01 S2) StJt»D. 

£E*r, 471 u^sai^s ns\M 3#s *e gr°i hii % g 32 *e itjtra-. ^a^^s, 471 usa 

ScflSj-g 471 tJ- 7311 S S! 3912 #01 30)E 2 © BMSjSS SJeEIOl «4! 4= 21D. 471 All S 
s ^=1 |g A>ffe}, Et%-= Aht(.^, 01 M3g i+tJSf E£ X|S3L|g £1^23 S4ol^ 201 HH!*! 
oHl, 471 392 #S geoife Ai-tl°^S «4S)= 201 HJBq*|Q. 

a s,Hg£j g otgjoj njsg, n°as|2{2J S244== £4 Hg3SK.net fixed charge)?!- 

i ?>es asjtt^ 4 s«a. 

□ U0K7W. a aS2) Qf ofEHWl [0=3. SJHIIOli ^401 4 2i2, §7K+3St =«|7h 8 
XIEJ71U 2fil 4 2!D. 

OICHI □©1-01, H aS2J E OS S'EHCHI [EES, 471 SSflatS DS ^23 ««*h£3*l ^SEI= £ 

s assess* tra, 47i D»?22i sssihjsi ^ *~ s^raani- ^2x1 32 *rsaiw- iu 

1 4= SID. OltHI CD-El, 2*}2) 4^01 MSSQ. 

om, sssm sisioi s as2j disrat!- ^iaiooss 4A)iti ssspis *jd. b ass a 

3tt asa«s|- a □ *I12(4H§ JQIStJD. DSN 7IXHEIS £S(HI aCH/J, StS «S LHgl 

o « gjgoj o|$ng saspi ?|S(0J ^StlOlXI^ 20IQ. 3£1L1, SSTflCHIAI S4^l XI4S 

7raxera b asoi oim mm meion ej-§Ei7a sm om sehs s«aoi ^aii ^ sio^ 2s 
axisioiot tch (mow, §■ was s§ b?iii, m araa ?2 a sr aaa s 



b srssi a^ti- ^aioiiis e 1 lhxi e ?s t5t£s«i ?i§ sr oishi ^ sis 201a. E3S 

Ofl SICHAH, SSt^ tK202)S 5AIS ¥BM^ ^SfiiM UEKdQ. 

E la LHXI E IcS §f£Sra, B HUT^ 6SAI01IS01I tKK &ESI 715(10), ^ 4' £15 715 

«0| ^EmiOlM US OI^CHS flEIHOlM 7JISS(12)g SStO. ^E|31I0|M 71I3S(12)S| ^ 
W= 2f 5 LUXI 10A2J ^*I°J 20I d^SIO. E^, fe^l ^E|3«0|e T«3s(12)°J S254f4== ^EI5 
E^ 4'Eie gAIUOIMElOIEStaa 3 201 H^SfQ. 

□SM. 471 ^EIMOIM ?H3b(12) 40)1 SS2J||eK14)e SgW. 471 asaJJSKl4)g ^El» £* 
fflefrMQ □ s ^44M 5^=0. H l^SCTI 471 H°SHI^(14)^ 471 tfBIHOIS fll3i(12)H 
DQ I SS44M 

4-71 ^EIMOIM ?USS(12)S ^EmO|M(M,-<Si.O.) ii£ «4S1^ 201 bH.^olQ. 017IA1, 4 
71 -M'S SCLIS(Hf), XIMSUS(Zr), BWM(Ta), EHDIEfe(Ti) E^ W^01fe(Al)§ 4= SiQ. 
IieiD, B ^§2 Oil 3^M(HI ttSEOT B Ah4 a S^l LHOflAI B W€H *!tf?J 01LL1 

Si- P-E HE M§m 4 24D. 

t, t 4AI2JQ. (HIS S3, 471 fe'EI?ilOIE 7113s 
■JEK10) AHJIHJ Sj^ll AI^JQh. 471 flSIH 

0|E ?j|SS(i2)S ^EIS 4(HI ULH 4(4|5J^g 2!S& 4EHS SXIS1E3 SEI5 4+SPt2l- SOI 

§7^1^ ^Bie e7ui?i= MiatJ- ?«a«oi ^saxi 

E*t, B SEH7I#CHI ti\t\0\ 2!E)10li Mg g£g aiAI2!Q. OICHI CHtllAI^ E 5 S E 6S 

§2.51-01 0I-EHCH1AI 4A1lol £SS17IS t.tl. 

S£H7I^CHIAI, SCUi i+SR E^ XlSSUg diSlSiOl SSSII^SS Ahgl (IH, SolAI S= £IEI3I 
0IM5|0| 3!|gs!£g ^4atfl, 471 ^EIJIIOIES,^ ^EI5 iSHIS X-flOise 201 §7te5|-Q. 
CDE1-A1, W?Ytm*i 5Wm asjSM?!^ 201 S7te3lO. DAI ^olAI, i7l°l §7^^1-^011 blsKfl if 
El §7k+H-et =]«|g 3iAI?l= 201 M71s*^ ME, i7l°l S7Fi!tl^ ^IJIll 3 CHS SXIol^ 

2 aflt oibd. a uo^7^, ejEinoi^ aE7j s7ieich tiis ^401 stsa 

OICHI BJSKJ1, B aS CHI SiOlAI, 471 ^EIJUOIM 7ll3s(12)S S»# e*T»g£S «4Sh2, 471 ^ 
EI31I01M 711 3 #(12)2) *m 3 ^El= 24 HIS Slofe 2§ol-^ 201 71so|-EI-. OICHI DEL S 

aasf ^2sii( i5)£i S244M gsjiwa ^ sid. □ uof7i, mm af=- xra ^EmioiMsoi «4 

EIAI ?(lSs S g JHdAja 4= 2iD. 

010)1 Dol-01, SEH7|#2I- D)U|E|= ti[9i ^01, aSWX|e}2! fe'EI^ ISl^S ° fc 7 §E2) °244M 3> 

CD S1«HDI B aS CHI COS ^E|?110IM 7D3s(12)S 2f 10 LHAI 12 §E2J 401 2^ °S ^° S3 

44g JlfeD. COEhAI, SEH7ISCHI HloKJt §7h^^ &iAIS 4 21D, 
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S<5 7))S#(12)E 900-C2J USUI Ad 1*IE| g§l 4'AllfAIErE ^'^25 HI 

§1 «a§ -sro?a. dew. azmom ?iis©(i2) lhchi t§gi7ii7i- tisj *sseiai »2hs v 

S3S1 S4AIIJ 4= SIP-. 

unram*]^ soi. &7i ^smioiM jjgftozyg g^s ga* 7111 mt\o\ *g 

tfD. DEW, 2 H3S £S § SSOI Q^EIS gEH7|#a= BE| y= § ggog ^Alcrfe 201 
7r§SfD. Q UDWWi. SAhs 7ISS AlStrSS*. DStr S^SH( P recursor)gOI Afgg 4= 21 

g ajai ^nw sbi«pj woiir> aa. oiEiti save s^si aswi^gsr -wta£5& 21 4 a 

#71 2^ £EI 71101 M 7113 S( 12)1 SWe S*f 7I1S ii. MEiE ±± S i+± 

±±W CHte S! ffl Al (purge) SS§ SlTOPtQAI 9WS12S flAltto£#| StHI 4 SID. 

#71 £EI5)|0|M TI3#(12)g X|=3L|g £E|9)IO|Mg2£ ««§r= S^W=. ArSSr AIMaLlg 
(ZrCU)OI ^ ±£E4 MEM 4 SO. 01 a D^HIg, £71 =^ £!E|?1|0|M 7)1 3 §(12)1 5r=US 
^E|?IIO|E#o S 335^ Ar3Sr8"r=LI3(HfCI 4 )OI 3^ ±±54 Afgl 4= SID. Etr, # 

71 ^£15 ±±= SiH 4 71± E= Si CI A- 7r±S SUSHI, #71 d± ±±= 4§7l(hU0). E£ 22 
(ozone)l Sum 4 SID. 01 a ME. £ itSSI AHS S 091 LHtHI A1 S BSM S)UU DS 
01 Argi 4E SID. 

DS S7I3^ £rWI#S*r(MOCVD) 71s Ezr ifflEIH *?H 9 2«d| ^3W 

Ad #71 SjAhS S*t 7lia &m *£2S 201 71sS1D3, #71 flEIHOIS 71I3SS 

S7I3^ SrZr7l#§=|-(M0CV0) 7|.fi E£ &tSd ±fflEH 7111 Argslffl SSSt 4E SID. #71 S7I 
S^r SrU7l#gsr 71 IS Hf(0-Si-R.) 4 E= Zr(0-Sl-R,),a ITS 3^111 MBt[0\ 4tSl 4= SID. 
#71 lr*t*!!0flA1, 'R'= C-rkl LiaSD. 0| 21 (HIE, »ffUS 44SA1 Hf-t-butoxide71 Ar§l 4 SI 

H. A|S3LIS ±±S.M Zr-t-butoxide7h AI-SS 4 SID. SSt, ^E|= iiSAIS EHMEHHI§AI£4tAh 
Sai2! (tetraethoxyorthosllane) E= Q|MEK«SattaEI3l|0IM (tetraethylothorsl I \c&te)J[ Afgg 

4 SID. 

DA| g?\ 14)2) CHSHJI lilies. 2SSfl|S, h (14)s =^ i+aa^S 

201 HIBSI1HO. &9I 3^i!4JS|S Sr=L|g tSSPW 0- )- AI^HUg d4Pt(ZrO.). ^fr^ 

(TacQ.). S-^OIfe i+S|5KAl ; 0,). D0ID6 ^5r^(TiO-), 0|E£|g ifSr^(VA). BSTSf, PZT^ E= Oil 

a^i =^tfofg swss*f sw?i^s*r ?i# e= erm« ^aEiu ?isi Ahgshoi 

SSI? 4 SID. &?\ BTSS 4fflEia 711^ S^l §S|Sr= f & SSsStH LH^S ^i7r^l 4S 
AIUHSMI fl/JSQ. E*]-. S^Ahftej-^ s^sil S*IA|?|H S7| =^^S thi S*I7|(HIA1 01 
yuAis^eai ass 4= SID. 

a g-goj oj ^aioiioji [[j-ag, &?\ ^£|5|0IM ?1I3S(12)2| =^A^°f(H°3a|e|; 14) 

si ^ai sstr 201 uufsiso, wig ss. gy\ sasrst 75SB(i5)s Aiene seus a 
B.m\om 7113s si oelii mmm stito. 

DE »H. ^EmiOlM 71135(12)1 JimaUS- fe'EtSHOIMSfSS S^5^ 3^011^. ^71 
.»SK14)S AIMSLIS M D 42£ SSSIu 201 O^otK 011 S^Ofl SOJAI, ^71 ^JE|31|0|M 711 
3S(12)°| =^01 .^71 S^i+ttSKHSSiliei; 14) LHCHI S^21 i^SES, ^71 SEI5I0IM 

71138(12) S ^71 HSSas«14) AH3I2I TflS.^SS Oil Af0|2) 271^3 S5>S LHAI= St^Oil 
7I3S101 7HdS 4 S!D. 

EtJ-. S7| SELII dSISfS ^01 h SAHS E?SA|?I3, ^7| *EL|g thSFSfOI *^2| g S§ 
1 SAISfe 13 SSSKI^ 21 4 S(D. 

SS?> Ufa SOI. S-71 ^ ^EI31I0IM ?S3g(12)2| SS#4== 3 LH^Ofl USS ^E|=2) 2SHI1 
BSIAIUSS^ 513 4 SID. & USIHIAI^ ^71 ^EIHOIM ll'(M 1 ..Si,0.)2| MZiB 5SUI3 
•x-7 r ef 0.3 LHAI 0.99S till S|SJ2| 201 E^ 1§E|°1Q, 

fi S-S2J OS ^AlOHOfl EO/Sg, a^i Jj°2ai^(14)s £ lb, £ 1c SI E 20)1 M01S dia SOI D* 
2| iUSfe 201 drl^olD. 

E lb. E 1c S E 21 mZtm. ^71 2S2HIS|(14)^ ^g^2| 11 S| tliLIS <ys1^(E^ Al 
=3L|§ {+tm: 18) 5! m^Ols i+£Pt(20)l AtS 3g"017 r 3A| SjOlE 1SI e»-^o S 5jgA|7|01 
SS^D. 017IAI, g?\ ST^OIS £!-5rS«20)£ HS2!ifl^£SAI ^Dle i}s15t31 ?fe 2^ ^iCHI 
CHtLl" Tcl^iH- C-V 1511 MM 4^ E 3a LHAI E 3dS^E1 ST 4= S150I *SEI= dlSKfl Cm 

s(-)2| 2S 35111 ^D. DAI goHAI, INMIfe d+ij^2| 1H?HE SETS ?f(+)2| 71101^ ^ 
2ja S^FS t.'olOI 0ISSQ. 0I2^ E 4a LHAI E 4d(HI 20)2 d|E1 SOI S(-)2| USSsllOl £U 
ItSiEM E4: qiE0)|A|2| M?H^^i!^ (transconductance)71 y01A|S 12H iEHSfe 22S 
SD. OlEfe ejTHS, SrEUS d-Sr5{- E^ AIMSDg i+ir^a S= d+SI^S ^El= tm?W 
m\0\ Lm Sf( + )2| LHE*CK DE1AI. a ^301 0)S ^§t^ l^SEIOfl tJ"§EIAI 

^ SflXIElE, B SSeiS 4I-7I S^OIfe dS^ LH2| g(-)2J USSSHOI SEUg i+&9t E^ A| 

saus- .a»5fa- as ma.swai aaamm 2i*n 4= sidh ssd. oichi a 

ek sielis dtta e^ AiMsug >+tiaa ss g^^tR §! s^oife tttiam mhs sis Am 

2S« 2SSaia(14)2| ^4 HgS5}lF(net fixed charse)! Sl^slAIS 4 SID. 

5 g-S2| E DS.gAIMKHI DM3. HSSSIia(14)2J S|^#(E 22| 22)^ ^=0Ih i!t15|2S «S 

201 drUS!*ID. Ofe S^OIfe i«15^2| #«S(heat of format ion)0l A|MSLI§ t*tPi S£~ t[ 
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iU§ tm^i *sim 37i msoiQ. oi7iai, 27i *2is os »aa Bjsce ai fl*a= 

CHILHXIS 2|0lt!O. OHM IS, 271 3ar^2| «2S£ -1676kJ/mol 013, 271 Xl^Uf 3 

a ST=U§ dS^««ls ^ -llOOkJ/mol 9! -1122kJ/mol DICK M&H. Wm 3^1 ^ 

sspi mm 271 m^um d«at 2011 ki^ei-ske 221 24)g sis « « = . n f?' ?5;£ti 

3^ A>0|2| 711 3121 7H3AIB 4> SID. 

oiatt oisgs sara. s reon/ds ^ TuoiM 3^s A>s*ra sa =agEi5jHjpiM s=*i ai 

4= oiQ. 12hSJ2£, TilOim 3^ tiSOil SiCHAI 7 1 SOU £EI AhgElOiS H1£3S1 AJSU ^ Si 

o°g esso^si a2S7n saAia 4 sick 





s'tgug 3£F2[ S 3Hsm MH£ 5JSAI3I0) fJ2Sh= 2101 UHf^o-JO. 

a mnoj oi qu [Q-sd^ g?\ 2 °2 391^(14)21 ggg £E= E lb. E 1c 5! E 2011 £013 dffi} 

*<2a mi #08) a sr^ois i&w2.2. ^sa a? §(20)01 srais siss «• #21 ^tr^is ^oie 

If I fil^sjSS *«*|£3*l S7WS 4 sick 

271 ^, g. jq| 2 §3(18, 20)21 5«S Sf 2A LHA1 60A2I g?|°J 2101 bffiS|*IQ._ □ * 

tiTwmA^r^ wn i »2 sue, 20)S2i $ns ioa sj 5aoiq. 271 ai s »2 skis, 

"feT =fe 271 S9I LH2I sFs »fe 0112) isa SE= ^WH H3 S3 ill SMI HloKfl 

mim 4= siLK 

^2*?^ ^JHS ^3 Sh=US i+ae{2| 3?M, 3 21 2| Igth £E£ 600*c LHAI 800*COIQ. §2 
5 SSS £(furnace)S AhgShCH StSlT OH, 3 §g £E= 800*c LHXI 850*c SCI- £3, S§ 

1 I* ala ifi Aflfra aw id l a s§ se= ooo-c ssoid. new. 27i ^3 seu 
s t*$ms 27i 153EI s§i ^Atsfe fl7fl as»^ oi^oii 4= sises yss^i- §?fs 
a. 

3E1LK #3*1 B ^S(H1 [0^3, HSaaBK14)2| 3§5h SE^^ SfflJIftM UISJW, f,^pJ 

e# SiAIS 4= SiD. 017IAI, 2AS BUAh#2| 7|B ^ffllOI3, 60AS l^EI g§ §21 KHS 

(popping) ?j#21 g*S# ^73W 4= 2i= SCH ^JUIOICK & g?1ICH|A| ST HE4.2 UhEh ^01. 3°SJfl9| 

1 Islt lei sSSaHHM E^iEfe *IOIES^ (hydroxy I) f§£Wt€ *^ CHyH A|0fl_ 

1 °sAI2!CK 3 3SK ^SiH^OI ^5101 3 LH^WI <(hole)« teKIQ. HB OlEltl all S^OI 

»a?ra/ lEi^Eie thoim ^«s§2i its ^ ssi oh^ oibti si^ck 

&J\ 3912 S (20)21 =1^ £91 SI1 g( 18)2) ^ffl|2| Sf 1^2) 2101 U^SICK 01^, 291 ^01h g 
5Hf2| 2HH21 21^S Wa?3 2191 QSOIQ. 

Etl, S-91 312 #(20)21 S5Ell=))il^ #71 3S3aS{-(14)2| 3381 ^I»2| 1/3SO 3X1 Sr^ 2101 

Ito. oia« a»4 27i 12 #(20)oTselis aaara fi^aa. 27i seu§ 4» 

gjoi °75i24=(k=30)^ 271 S^OIh i!415J21 SS24=(k=10)2| 3UHWI gtlCK CO-EM, =4 3§Ss|- 
271 3S3SI^(14)2) 2X11= HI 21 2f 33X2! 2101 aH^SICl. 

E la LHXI E IcOII S013 ^EI5 7IB(10)S S ^S°J Ah2 S Bfl LHMAI SEUT Iffl E?SS 1E| 

flaasB- ^ e>Eai e= E^iii^ 4 ao. a uoh7 r Ai, e 2chi aoia iei4'ei=^(24)s trnsEii 

XI-21 TilOlM 3^ E= 2^ 5H1AIE1 3^fJ 4E SICK 

q: i== 7)07;iiJ|Ohoai4 ej-sn|te 54JSI— 2 A ^?2(H|A1 Eaj^aqg^ oj gglHijc goj- 

Som inm ibi^l ^ 3aloi ck wtTaT, fisoi HfeAife sfeiSteM/ftfaS i^mm ^ 





Ah 

fte}-nf"aS~S^l+tl^ LH2| ° t (+)2|' 2§3olir'^S S2Sfe 3^tl SSSIS!- ^iill(15)l ^?iim° 
SAN 271 2S3SI- gUISS £2P!£g *IS4TD. 

E 5S QAI g-^oig, S3!S!E 32^21 OISUOJ 0 §S°JXIEFE, ^^OJh ilSf^S 2- f? 




71ISS(12)g 7HXBAI1121SW g^AIS 4 21Ch. 
E ?S S^ShS. ^El= 715 2011 30A°| =]Jflg ^ S^3t^ 5! 40A2) ^ W^OIh 3 
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§mm srgAia s irson co-e s± ^saisi c-v ^gg 4'ei= ira^e ssxii^s ai©$i- 

she sgrs §eh2i ? 2*0 21 isaeiE asaf tisi swsia. iih^s. e gfgsi ti saw tO- 
^S, 232*11^(14)21 USSSFSFg a±SW?l£ 501 7feoCK E 7CHIAI 'CET'^ glfS §7h ^Wl 
(capacitance equivalent thickness)^ 2|0lofe 3£SA1 iOT^^.£2K quantum mechanical effect)^ 
SitS 210IQ. 0171 M, 22fe If£ BJSHHIAI £1X1 Til IT«Sr= 2A>2| DJ&SCHI 

7l2!Sf= 22|0| C| . [OEM, ^«J2t2| 5?no§ SCJ §»S| SjgePI $tfHAI= SOTSW H ]IrM HH«| 

ot *>a. la^ne. e 72j cet ^ aftem saw hhhieixi s= m^urnm ^mm °\nm°s. s; 

9.^2! M7hi+S^ ^ Jin MP- ^JHS 21§ 
23 °j SJS- 

am iroi b ©S2J ^aimiwi njsa, a-ssi usshskm), mm u^oi&sraf trai 25 

iu\ 302j °g^4=s m=u§ iim 1 - e^ 20 mxi 2eei ss^m xissus ifti-^e m 

CHS 5ISAI2J Og2| asa»s« §Stfr££«, USE JEW 4)2) £4 HgSoHfg £|±£1AIS2|- 01 

Q IMAM. B ITS (HI ttE3, 7113^28 7H2AIS 4 212. £EI5 ISr^OIIJ £EI= ^AILHDIMSh 
0IE2,^ TflSS. E=- 7113s SOI ^3 £E|31I0|E9}# AtWo[= #EH°J $?2S|2| ^2CHI UISKM 

s?K«w s-iAia 4 so. qai mm/ seis isst k ^ei= ^AiuoimeioiEamQ 
3 ?f= gemioiM tiisscto jissai5Ki4)i i^Ais^e^ th£!=j jravaat-tn 

§?i4ra^ 4= 20. 

OlOfl QSIOt, Ps ?.2JH, ^ 2f #01 gJTII^JJflSI 2t*2iSQ 52X1 S= SF£ #£S 01^013: Q= 

^aag usaaiers tis^sAN, ss^ie,^ ggsigEg s?hAi^ 4 ae^ me vas 

§1 SiAia 4= SICK 01 Oil DTEK iA(2J 7HdAll 4 2iQ. 

CUEhAI, S gEH 7|#2J BSSS ?>A| Sr^SAI 4'E|= ^nvo, ^ SSXI^ ^?2HI 



1 

gEIMOlM a 

&7\ ^smioiM Tiiss &w 9\t\sm nz&miim z%m= ^em^atsi d§ =?s.m. 

2 

*o i ww aoiAi, 

Till 1 4HM 2101 A|, 

fe^i 4^i seijjoim saci- a e z^s^m 2§ m^ss. tt= ^m±x[Si 

as . 

4 

m i im 5m m. 

w\ Hsmom ?ii3as ^eijiioim Att^M.-.si.o.oei as ig°g ste &EaiA>°i ^ 

5 

HI 4 SCHAI, 

fe^l 4'Emi0|E At£H2t2j 4-£|= 5^H| - x -^ 0.3 LHAI 0.992! 21 sgog §^ &E5&H4AT2J 
HI 4 SMW S CHAI, 

^71 ^ ^ElWim =^ seLIS(Hf), A|S3L|g(Zr), Be"M(Ta), EmiEhs(Ti) a 

^oih(ai)£s oi^chs ^ 2S aaja oiiz 6H_ra 33 g is^i §h= uesai^sj chs ?sa. 

7 

HI 1 VIM 2101 At, 

fe^l ^SITIIOIM 71136= SXIsg=r(ALD; atomic layer deposition) 7|§, SW7I^S*t 
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(MOCVD) 7|# E= ±IHHg(reactive sputtering) 3>|#S ArgSKM tJgol^- 31S *r= 

»£a±*r2| OS =tzn. 

ja i «hn atHAi, 

^emioie 5 lhxi ioasj mm s= s r = &sa±xi&i as im. 

731 1 WW sou-i, 

#71 tfS|S?2! §92£ 61^ OS ^iSfl. 

S^tr 10 

731 9 tHN 2ACH AJ, 

4*71 ifsRS 5EUI t*mt, A|M3U§ £f5r^, SITS tm*t. ST^QIh dUK^, EfOIEfe 
SR. OISEIS i+sfe|, BSTHf, PZTH| OIS°| 2lJ^°! 28 «S££ Sr^ ^£$-||±X1£l a§ 75 
JO. 

M=fS 11 

XII 9 ttOI S10\M, 

271 ^ SXh#SSr(rtJD; atomic layer deposition) 7|§, S7IS^ f^lfe'-SSr(W)CVD) 71 

s EE= S^S ±51 Ell! (reactive sputtering) ?mm A(#5hOI 3g «3£S Sfe 

AT2J D# 7£XH1. 

s^tr iz 

HI 9 *HHI SiOUl, 

27i 6'eimoim 711 s ^ ^emiois t*m^iom. 471 ^emioiM i+asf lh°i s^s &?\ 
s^tr 13 

Jill 1 ttOI SlfflAL 

£S ShS ej£J|±*J2| a# 
14 

73) 13 ttH HCHAL 

S|i #s SF=U§ i.hffOh, Ah^m, 0ISE1S ifSr^ XI=2L|§ i+SIBKHH, 471 HI 2 

#£ reai& A|2 r 9,toi 2 § ggog §fe as *2.n. 

15 

731 13*HHI 2101AI- 

471 §S 7311 2§2tlS ?>H, 491 7312 #£ 471 All 2§2&eh 2?CH2| =4§ STS 7312 2§2 
tm 3f= 2§ 1325 Sfe e>£*ll4»2| as 

s^tr 16 

731 13*HHI 2ACHAI, 

471 7312 #21 ^)HI= 471 7311 #21 ^M21 1/2°! 21S o1= «J-EJII±AT2j a# 

S^S 1? 

731 16 *WI SiOiAl, 

4tfl 7311 #2J J=]»|£ 10AOI2. 4^1 7312 #2J =1^ 5A°J 31# i9£S sfc &E*II^£) C(# 7 

m=?& is 

731 13 %m SiOIA), 

4^1 7312 #2) Sai^lS 471 USSfflei 2X-|| = ])1|E1 1/30I71L1 HMQ SfS ^S^S 
3Sfli7J2| PS 7510. 

g^tr 19 

731 13*HH1 2101 Al. 

4^1 2SSfl|St2J 34^#s ^01 h tfS^°J SS olS ^EilliA12| a# 72SB . 
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20 

aas la^sa □ 5 ss#4« sr= ^eithoim.tiiss; a 

#71 flgpiois 7ii ss #o« nsaaiers #71 usssisi-^ 3oie iti sijow 

3 A) 3S£! ai S S »I2 SI Steffi, #71 HSSais,^ ^a?||0|E xiggMQ 

Q S SSS^B Sf£ 33g 5325 Sfe BJ£»±*|5| Chs 

HI 20 tMI SI01AI, 

#71 ^BI3)I0IM 71I3S= 3^ ^'SmiOlM ^2J-(M,-<SL0, )0|H, #71 ^EmiOlM i+£1S}°| 3^ 
"M'S S^US(Hf ), X|S2LIS(Zr), eiTM(Ta), EhOIEfe(Ti) S ^DI§(Al)^g 01^0)3 g 3S 

§^22 

M 20 %W SlOt A), 

3an ss d+sie}-, B&a Afsfe^. oiMEig asm as xiesus i+shewm, #71 hi 2 
ss ar^nie a«sie! 21 §g°e sfe etEjaiiTjsi as ^zm. 

23 

SI 20 *HW SJ0U1, 

#71 Jill 2 «2| a?l ni goj cjjjoj i/goj ag |gog §^ Bf£fl|iW2| QS 

24 

a 20 tm sum, 

#71 712 £S| aai^ffl^ #71 USSHSt S*||^JJ||2| 1/30171 U 3 MP- «S 5i ofe tf£ 

fliW2| as qi^a. 

a 20 t^oii aouy, 

#7i n^2iiie}5j a#^ss ir^oi^ Offers! as fg£g ths sj-Eaii»°i as 

'UEIHOp 7JSS3 ttfi*l= 9711; S 

#7i #ei?«oiM Tiiss #oi usaasis btiis stftfe efsa^wsi as 
s. 

M 26 tffll aCMAI. 

#7i usshsj-b B70S 

HI1 SS19 3fe Hi SS SSSfe &74I; S! 

#7i ai * #ora2 ss «sm= btiis strata, #71 a2 #71 xim mm eraia= ^shi 

a 2 Sen 3>S 2i ii£S StS ffl-£ill±A>2J aS 7£JII ^S&S. 

S^t* 28 

a 28 tMI SiCHAi, 

#71 ai 23^ S(-)2| 2§2«(0II2- #7| a2 SSfe ?f(*)2| H§3§|-°! 2§ sgog S£ b Gt || 
iXPI Lis ?5JB SSS-g. 

§^tT29 

a 27 *HW SIOI AJ, 

#7i ai si a 2 *3 sjois in s#*fe as ^g°s st= e>£H±xisi as 

30 

a 29 %m &aiH. 

#71 2s?3aH|2i a#^s= w^oih #sFaf°s sssE 5§ ^n^s ttz etsflii^Hi as 7 
m=m 31 

a 26 SICHAI. 
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£7i n&smem ^ssi^ bhs 

jail $mm ?>= «n §i tjgefe etji; a 

#71 an 5 3312 ## -gSSJ= StmiEI. £71 3312 7312 ^Jffl# 3>H- £71 3311 S 3312 

!=1H!^ 2 A LHX1 80A°i Sg i9°S Sfe &£S1±X|2| OS ^SSS. 

331 31 tflH S10U-I, 

«|2 §21 £71 US 21^21 2t||=])||21 1/30171U USUI §fS 

esii±xi°i am m.n *j£^g. 

33 

3a 31 «m afflAI, 

J5II2 goj cjjji^ J,,, go, E n o| ,/ 2 oi 21^ ^gog s ^ fflSM^Xra OS 

B. 

34 

331 31 tKHI 2101 A3, 

AK 
C3- 

£71 
§^35 

331 26 tHM SKHAI, 

£71 4E1H0IM 7113*^ tiEIHOIS i+SI J 5«M,- t Si,0.O°S SSSfe 2» Sfe B*£M± 

§^36 

331 35 tWI 210IAL 
£71 




2§ 

37 

331 26 «HN atHAI. 

£71 £!E|31I0|M TJISsS §331-= 9-711= =!Xt3§*f(ALD; atomic layer deposition) 7IS, °7lii^ 
$*|7|£g£T(M0CVD) 7I# 5= 9!SS iIHEIS( reactive sputtering) 7|gS A|-gtl01 gAISfe 311 

38 

331 26 tm 2101 A3. 

£71 ^E|3flQIM TllSiS 5 LH XI 10A°I ^DIIS i925 Sfe OS 

§2oS . 

S^tJ 39 

331 26 «HM 21 01 A3, 

£7i assays *h=us taw. nsaus tm?i. sirs tm%K s^di f , hoi^E. p 
si as «««b. 

g=?*J 40 

331 39 tHW 2103 A3, 

£71 2^ S!Xl#55f(ALD; atomic layer deposition) 71s, S7IS^ st£!7l£gsr(M0CVD) 71 

B S= ^u)E1D( reactive sputtering) 7ISS A»SKM tjgSfe 21 g iS25 Sh= SISAli 

A>2| Lit ^£xU 

41 

331 39 ttH 2101 A3, 

£7i ^EmioiM ?)i3#s gemioiM i+aess tjaam, £?i 4'EmioiM 

£71 IWatWSI 3^3F §Stt 21S slzr BJS3I±JQ2| OS ?2JI tta«NS. 
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715; 

67) 71 5 60il 6! HI HOI M 7|| gg; 

671 fiEpplM SSS J1#2«IR; 

67i usaaisf 6on «6a thoim s 

67i nom s^ei ?f s°i S7i Pisoii ««s ±£±/=ai2! s^s st^fe s?hxi^ei. 

43 

XII 42 tHHI. SiOIAj, 

67i assail S6*#s i^oie aaerom. 67i hois gasassj's stjsfe as 

44 

715; 

671 71 & 6WI ^STilOIS; 

691 ^S»IO|M 60)1 SEI3II0IM 719ft; 

67i gamioiM Tusft .6<hi -ssa assail; a 

•671 assail m\ «6S ^ichthioim g^g sss^ Hisirs wh5I£». 

§^45 

671 6011 ^6£! £EmiO|M TIISs; 

67i 4' ami oi e ?iis# 6Wi ^ss usssnsj-; a 

SB 

SBta 
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71| 0|H [V] 
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- pMOS wi th P+ Gate 
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